INTRODUCTION

Electrolyzed
acid water has been widely used for sterilization and other treatments in several scenes of clinical medicine and dentistry1-4 
MATERIALS AND METHODS
Preparation of electrolyzed waters Three types of electrolyzed waters were used in this examination (Tables 1 and 2 ). The strong acid water (SW) was prepared by electrolyzing 0.05% sodium chloride aqueous solution with an exclusive electrolyzing apparatus (SUPER WATER mini, Hirata Corp., Osaka, Japan). The weak acid water (WW) was prepared by electrolyzing tap water adding specified electrolysis with an automatic apparatus (ACIDENT, J. Morita Tokyo MFG. Corp., Tokyo, Japan). The neutral water (NW) was also automatically prepared using tap water containing 5% sodium chloride (AP aqua21, Asahipretec Corp., Kobe, Japan).
Just after electrolyzing, 500ml of each fresh water was poured into polyethylene terephthalate (PET) bottle and stored under the conditions shown in Table 3 and Fig. 1 . 
RESULTS
The changes in the pH value during 120-day storage in both the cases of M-1 and M-2 are shown in Fig in pH in the condition of the uncapped bottle up to 10 weeks. There was no significant difference in the pH change through the testing period between M-1 and M-2. In the weak acid water (WW) and the neutral water (NW), on the other hand, the pH values significantly increased during the first 8 and 12 days, respectively, in M-1 when stored in the transparent and uncapped bottle in the room (condition IV). The values showed almost steady state thereafter, exceeding the nominal ranges 5 to 7 for WW and 6 to 7 for NW published by the manufacturers.
The similar tendencies were also found in M-2 although the rapid increases appeared later then those in M-1, at 8 to 21 days in both WW and NW.
The changes in the ORP value during 120-day storage in both the cases of M- Especially, SW showed a marked drop in ORP under the condition IV within the first 7 days. When it was stored in the capped bottle (conditions I, II and III), on the other hand, the ORP value still maintained the level of +1,000 mV in M-1 and +1,100mV in M-2 after 120 days. In WW and NW, the changes in ORP were smaller. Little or no changes in ORP were found in every type or water under these conditions I, II and III in M-2. (p<0.01) in any water and this deterioration of the concentration was accelerated by the storage conditions of the decreasing water in the storing bottle in M-1, the uncapped bottle, the transparent bottle and the room temperature. SW showed the fastest decrease in the concentration and the residual chlorine was no more detected after 12-and 14-day storage under the condition IV in M-1 and M-2, respectively. It remained at the level of 30ppm after 120 days only when the water was stored in the refrigerator in M-2. The decrease in the concentration of the residual chlorine of WW and NW was significantly smaller than that of SW. Although the original concentration of WW was much higher than that of NW, WW showed the larger decrease and its final concentration after 120-day storage in the transparent and uncapped bottle at room temperature was rather lower than that of NW. correlated to the decreased ORP and concentration of the residual chlorine, and it reached the threshold when the ORP value dropped to 1,100mV or less and/or the residual chlorine was decreased to 20ppm. The residual chlorine was completely lost in 14 days in the transparent and uncapped bottle at room temperature and in 100 days in the refrigerator. Finally the bactericidal activity disappeared after 120-day storage under any condition. It is suggested from these results that the storage life may also be 7 days even if the water is stored with the bottle being filled as far as the bottle is opened.
The electrolyzed weak acid water, WW, is obtained by electrolyzing the tap water automatically added the specified electrolyte which consists of dilute hydrochloric acid without a diaphragm.
It showed quite different changes from SW by storage. The original pH of this water was near the neutral gender and the ORP value was much lower than that of SW. The pH value increased and the ORP decreased rapidly at the early stage of the storage followed by a slight change after that under the condition IV, while lesser changes were found under the other conditions. However, their values still lay within the range where it might not be supposed that they were hazardous against the microbes, and they were not correlated with the changes in the number of the surviving bacteria.
The bacteria were completely annihilated by the contact with WW stored up to 40 days under any condition. Such an excellent bactericidal activity remained for 80 days in the refrigerator.
These storage times were corresponding to those when the residual chlorine dropped from 50 to 40ppm.
As the residual chlorine decreased to less than 35ppm, the water could no more maintain its sufficient bactericidal activity showing the level of 103 surviving bacteria. Thus, it was supposed that the duration of WW might be about 50 days in the transparent bottle (conditions III and IV) and about 90 days in the shaded and capped bottle (condition II). When it was stored in the refrigerator, it showed good durability even after 120 days. It is suggested from the changes in the residual chlorine that the storage as the bottle being filled may be able to prolong the durability by about 10 days.
The electrolyzed neutral water, NW, was recently developed. It is obtained through two steps of electrolyzation using 5% sodium chloride aqueous solution, first without and second with a diaphragm.
The resultant water shows neutrality. The manufacturer of this water claims some advantages over the conventional acid waters. The first, it shows excellent bactericidal effect at the low concentration of the residual chlorine because most of the chlorine consists of hypochlorous acid (HClO) having the strongest bactericidal effect. The second, it can maintain its bactericidal activity for more than 3 months in the capped bottle because the hypochlorous acid is stable in it and not easily converted into gas due to the specified double electrolyzing processes. The third, it is less affective on the human body and environment because it is neutralized to make the hypochlorous acid most effective. The fourth, it is produced safely with low running cost because it necessitates only sodium chloride , water and electric power.
The changes in the characteristics of NW by storage were similar to those of WW. According to the manufacturer of NW, the Cl2 gas is fully solved to form sta- actual effect appeared on the annihilation on the bacteria until the residual chlorine dropped to less than 30ppm in 40 days. When NW was stored for 40 days in the transparent and uncapped bottle (condition IV), the 103 bacteria out of 107 remained surviving in the water. Then the bactericidal effect gradually decreased with storage time. In NW stored in the capped bottle at room temperature (conditions II and III ), the surviving bacteria was first detected at the storage time of 50 days and the number of them did not reach the level of 103 even after 120-day storage. When NW was stored in the refrigerator, the sufficient bactericidal activity was kept after 120 days leaving only the level of 10 bacteria surviving. If this water is stored in the PET bottle as it is filled with the water (condition M-2), it is expected from the slight changes in the residual chlorine that it will show the excellent durability of its bactericidal activity after 120 days. There were many resemblances in the pH and the changing pattern of the characteristics between WW and NW although their production processes are quite different. Thus, the mechanism of the deterioration in WW might be similar to that of NW. It is suggested from the present study, however, that the long-term duration of the bactericidal activity of NW may be better than that of WW. Such an elongated storage life of NW may contribute to further development of the electrolyzed water for dental use. 
